KEYWORDS check-up compliance; clinical outcome; comprehensive periodontal treatment project; oral hygiene instruction; periodontal disease; plaque control Background/Purpose: In Taiwan, more than 90% of people aged 35e44 years have periodontal disease. To reduce periodontal disease in Taiwanese people, the National Health Insurance (NHI) system included the comprehensive periodontal treatment project (CPTP) in 2010. The CPTP mainly emphasizes oral hygiene instruction, plaque control, and check-up compliance, with the goal of providing complete, continual, and high-quality periodontal care to patients. The purpose of this study was to assess whether the patients receiving comprehensive periodontal treatment had better clinical outcomes than those receiving conventional periodontal treatment. Methods: Secondary data exploration was conducted in this study. Based on NHI data, patients who had participated in the CPTP and completed the three-stage periodontal treatments between 2011 and 2012 were recruited in the experimental group (65,342 patients). The patients who had not participated in the CPTP but had received conventional periodontal treatment during the same period were selected in the control group (106,740 patients). Using the four Introduction Periodontal disease is a common chronic infectious disease affecting the oral cavity. According to the American Academy of Periodontology, periodontal diseases (including gingivitis and periodontitis) refer to the bacterial infection of periodontal tissues (such as gingiva, periodontal ligament, cementum, and alveolar bone). The main etiology of the periodontal disease is dental plaque. If the dental plaque is not effectively removed, it may cause gingivitis, chronic periodontitis, and tooth loss, which in turn results in reduced digestive functions and poor physical health. 1, 2 In 2003, the World Health Organization (WHO) reported that approximately 5e15% of people aged 35e44 years experience severe periodontitis. 3 In 2013, 88e98% of people aged 35e44 years in Europe, Asia, and North and South America are found to have periodontal diseases (87.5% in France, 100% in Hong Kong, and > 90% in Taiwan). 4e7 Approximately 30% of people with periodontal diseases experience periodontitis. The high incidence rate of periodontal disease in people of different countries including Taiwan indicates that we need to develop a useful periodontal disease treatment project to reduce periodontal disease and enhance the quality of periodontal treatment.
Factors that influence periodontal treatment prognosis include the number of periodontal pathogens and oral hygiene. There are three types of periodontal treatment: (1) initial treatment, including oral hygiene instruction (OHI), plaque control, dental calculus scaling, and root planing;
(2) combination treatment, including chemical drug treatment, surgical treatment, gingivectomy, and alveolar bone repair; and (3) other treatment methods, which include functional occlusion therapy, selective tooth extraction, supportive periodontal therapy, smoking cessation, and diabetes control. 8e10 Previous studies have shown that initial treatment is required to control periodontal disease and restore periodontal health. 11e13 In Taiwan, the mandatory National Health Insurance (NHI) program reimburses dentists for conventional periodontal treatment according to a fee-for-service approach, with reimbursements calculated on the basis of treatments. In other words, after dentists make the diagnosis of dental diseases in patients and provide related services, they can apply for payment according to the services provided.
These related services include periodontal emergency treatment, dental calculus scaling, subgingival curettage and root planing, periodontal flap surgery, gingivectomy, basic periodontal treatment, and dental plaque removal. Appendix 1 provides details for comprehensive and conventional periodontal treatments and their payment codes under the NHI program.
To provide proper periodontal services (treatment and care), the NHI Administration began to promote the comprehensive periodontal treatment project (CPTP) in 2010. 14 The CPTP focuses on quality of care and has three main priorities: OHI, dental plaque control, and check-up compliance. Numerous studies have indicated that proper oral hygiene can effectively reduce dental plaque and prevent the aggravation and relapse of periodontal disease. In addition, check-up compliance is conducive to plaque control and self-monitored oral health. 2, 15, 16 The CPTP integrates these three priorities, emphasizing the importance of the continuity and integration of dental care. Previous studies have shown that the CPTP yields favorable treatment outcomes and care quality.
The CPTP includes several stages, focusing on the provision of adequate treatment and care, and implementation of dental assessment and oral health education at each stage to ensure comprehensive periodontal treatment. The first stage (P4001C) comprises the provision of pretreatment X-ray, periodontal examination, OHI, and a CPTP handbook. At the second stage (P4002C), subgingival curettage (or root planing) and plaque removal are undertaken, in conjunction with advanced plaque removal instruction and plaque control records. The third stage (P4003C) entails posttreatment periodontal charting, plaque control record, and assessment of probing pocket depth ( Figure 1 ). The NHI provides coverage for tooth extractions when patients satisfy the following criteria: no contraindications of such treatment and at least 70% of teeth showing a pocket depth reduction of 2 mm from the original pocket depth 5 mm at one or more locations after at least 4 weeks (28 days) following the second-stage treatment. In addition, pre-and posttreatment periodontal charting and advanced plaque control record must be provided for expert review. 14 Appendix 1 contains the payment items and related content of the CPTP. The Taiwan Dental Association assists in formulating regulations for dental education, administration, technologies, and insurance systems. The association compiled a CPTP basic treatment handbook and educational CD to guide dentists in implementing treatment plans and completing treatment procedures and records. In addition, the group formulates a CPTP handbook that covers methods for implementing the CPTP and adequate teeth cleaning (e.g., the Bass technique of tooth brushing). This handbook is provided to patients before they begin to receive treatment. Moreover, dental assistants are encouraged to participate in certification courses, thereby equipping them with the ability to educate patients on oral disease prevention and health care methods. 17, 18 Unlike the CPTP, conventional periodontal treatment is treatment-oriented. It does not contain a definitive content, has no clinic-revisiting control mechanism, and adopts a fee for service system as the basis for payment calculation. A fee-for-service system encourages dentists to offer more advantageous treatment to patients. In addition, the difficulty of treatment procedures and patient willingness for dental revisit both influence the continuity of periodontal follow-up treatment and care. The implementation of the CPTP is primarily aimed to enhance periodontal care, establish a complete treatment framework, improve patient attitudes toward visiting clinics, increase the quality of periodontal care, and prevent disease aggravation and tooth extraction. Figure 1 compares conventional periodontal treatment with the CPTP in terms of treatment and payment. Taiwan's NHI research database (NHIRD) encompasses data of patients who participated in the CPTP. However, to date, no quantitative study has investigated the effectiveness of the CPTP. Therefore, the main purpose of this study was to assess whether the patients receiving comprehensive periodontal treatment had better clinical outcomes than those receiving conventional periodontal treatment.
Methods

Data source and participants
In this study, national secondary data analysis was performed. The data source was the NHIRD, 19 which contains data including registration files, clinical visit, and prescription information. This study examined 242,672 patients who received periodontal treatment (treatment items: P4001C, P4002C, P4003C, 91006C, and 91007C) between 2011 and 2012 ( Figure 2 ). Of these patients, 111,333 participated in the CPTP (treatment items: P4001C, P4002C, and P4003C) and a total of 135,390 received noncomprehensive or conventional periodontal treatment (treatment items: 91006C and 91007C). The patients who participated in a pilot CPTP for the first time and completed the three-stage treatment were selected in the experimental group (74,370 patients). The periodontal disease patients who participated in a nonpilot CPTP and received treatment for the first time within 180 days (a treatment duration of 180 days was considered as a single treatment) were selected in the control group (128,663 patients; Figure 2 ). However, the following patients were excluded from this study: patients who received periodontal treatment 1 year before their first treatment, patients who died during the study period, patients younger than 20 years, or patients who were insured for < 10 months during a study year (including the follow-up years). Finally, a total of 172,082 cases (65,342 in the experimental group and 106,740 in the control group) were included in this study and analyzed. Figure 2 shows the data analysis procedure and number of cases. Permission to use the research data in this study has been approved by an administrative process in NHI Administration, and the research data have undergone data encryption and privacy protection by information technology department.
Outcome variables
In this study, four prognostic indicators (retreatment, endodontic therapy, surgical restoration, and tooth extraction) were used to determine the clinical outcomes of the patients in both experimental and control groups. Regarding the prognosis of patients with periodontal disease, we mainly evaluated whether a relapse occurred 1.5 years after periodontal treatment. Patients with retreatment were defined as those receiving treatments of 91006C, 91007C, or P4002C after completion of periodontal treatment. Moreover, patients with endodontic therapy, surgical restoration, or tooth extraction were defined as those receiving endodontic treatment (90015C), surgical dentistry-related treatments (89001Ce89013C), or tooth extraction (92013C or 92014C), respectively, after completion of periodontal treatment.
Covariate and control variables
Previous studies have shown that demographic and socioeconomic variables can influence the outcomes of periodontal treatment and the prognosis of periodontal disease. 2, 3, 7 In this study, age, sex, and insured category were used as demographic and socioeconomic variables. Patients were divided into four groups on the basis of 15- year age intervals. Some previous studies have found that the incidence and treatment of periodontal disease are influenced by health conditions, 9, 10, 20 such as relapse of diseases requiring prolonged period of treatment or followup care (e.g., diabetes, cardiovascular disease, or periodontal disease). Therefore, in this study, a history of diabetes, catastrophic illness, or periodontal treatment, and receiving periodontal-related treatment during the past 545 days were considered proxy variables related to health conditions and the severity of periodontal disease. Patients with diabetes and periodontal disease were followed up for 5 years prior to periodontal treatment. The number of years of receiving diabetes-related treatment [at least 2 clinic visits or 1 hospitalization in 1 year for International Classification of Diseases, 9 th Revision, Clinical 
Statistical analysis
In this study, the descriptive statistics comprised the proportional distributions of demographic and socioeconomic variables, health conditions, and the individual incidence rate of the outcome indicators for the experimental and control groups. Finally, a logistic regression analysis was performed according to the four prognostic indicators (retreatment, endodontic therapy, operative restoration, and tooth extraction) 545 days after periodontal treatment.
After the demographic and socioeconomic variables and hospital attributes were controlled, the odds ratio (OR) of each prognostic indicator of the experimental and control groups were presented to determine the effectiveness of the CPTP. In the current study, SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for data analysis. whereas the proportion of patients with insured Category 6 was lower in the experimental group (8.26%) than in the control group (10.63%). Most of our patients (92.48% in the experimental group and 91.37% in the control group) did not have diabetes. In addition, 95.31% of the patients in the experimental group and 94.58% of the patients in the control group did not have catastrophic illness. Moreover, more than 90% of the patients (92.02% of the patients in the experimental group and 90.81% of the patients in the control group) had no medical records of periodontal disease treatment, and only 7.98% and 9.19% of the patients in the experimental and control groups, respectively, received a certain period of periodontal disease treatment ( Table 1 ). The proportion of patients who had received periodontal treatment in the past 545 days was lower in the experimental group (1.80%) than in the control group (1.96%). In both the experimental and control groups, dental clinics (81.75% for experimental group and 65.82% for control group) were the most common places patients visited to search for periodontal treatments, followed by the medical centers (8.81% for experimental group and 17.88% for control group), regional hospitals (7.61% for experimental group and 12.30% for control group), and district hospitals (1.83% for experimental group and 4.01% for control group; Table 1 ). Table 2 shows the clinical outcomes of 172,082 patients after either comprehensive or conventional periodontal treatment. Of the four indicators of treatment outcome, only the incidence of surgical restoration did not significantly differ between the experimental and control groups (57.13% and 57.16%, respectively). For the other three indicators of treatment outcome, there were substantially lower frequencies of patients in the experimental group than in the control group receiving re-treatment (6.74% and 14.48%, respectively), endodontic therapy (20.37% and 22.68%, respectively), and tooth extraction (25.47% and 30.35%, respectively; Table 2 ). Table 3 presents the results of the logistic regression analyses after demographic and socioeconomic variables, health conditions, and clinic attributes were adjusted. Compared to the other three indicators (OR < 1), surgical restoration was more likely to be performed [OR Z 1.36, 95% confidence interval (CI) Z 1.31e1.41] after periodontal treatment. When the experimental group was compared with the control group, we found that the likelihoods of re-treatment (OR Z 0.40, 95% CI Z 0.39e0.42), endodontic therapy (OR Z 0.87, 95% CI Z 0.85e0.90), surgical restoration (OR Z 0.94, 95% CI Z 0.92e0.96), and tooth extraction (OR Z 0.83, 95% CI Z 0.81e0.85) were all substantially lower in the experimental group than in the control group (OR < 1; p < 0.001; Table 3 ).
Results
Discussion
This study found that patients in the experimental group (OR Z 0.4038, p < 0.001) were substantially less likely to receive retreatments (full-mouth subgingival curettage or root planning) compared with patients in the control group. This result indicates that the CPTP enables patients to effectively control their dental plaque and achieve favorable treatment outcomes. In other words, the CPTP demonstrated superior effectiveness in contrast to a treatment program involving discontinuous care and irregular follow-up.
Our research results accorded with those reported by the Taiwan Dental Association project regarding plaque control in 2015. In that project, 896 patients who completed three-stage comprehensive periodontal treatment in 2014 showed a reduction of the plaque index from 65.74% before treatment to 24.47% after treatment. 21 The plaque index represents patients' ability to clean their oral cavity. A high plaque index particularly indicates that the patient has a poor ability to maintain periodontal health, is more likely to experience periodontal disease again, and is prone to undergo periodontal treatments again. The current study verified that the re-treatment rate was lower in patients who participated in the CPTP than in those who received noncomprehensive or conventional periodontal treatment.
The CPTP emphasizes the importance of care quality, focusing specifically on OHI, plaque control, and check-up compliance, each of which is crucial to achieve effective periodontal treatment. In addition, the CPTP specifies that periodontal charting and advanced plaque control record must be performed before and after treatment to quantitatively present patient self-care records. Plaque control must be improved before entering the next treatment stage. Thus, mandating patients to maintain their oral hygiene and regularly receive follow-up care is beneficial to effectively control periodontal disease.
Previous studies have shown that OHI is effective for preventing periodontal disease. However, the way that patients carry out dental care procedures differs, resulting in different implementation outcomes. In previous OHI studies, providing a single type of clinical treatment or only OHI yields nonsignificant prevention outcomes, whereas integrating OHI into relevant projects achieves positive results. 2,22e24 This combined treatment method accords with the spirit of the CPTP in the current study; particularly, CPTP emphasizes the correct implementation of oral hygiene to improve patients' cognition, attitude, and behavior relating to oral health care. Subsequently, clinical revisits and follow-up managements must be enforced to monitor patients' ability to independently maintain their oral hygiene. Previous studies have indicated that oral hygiene may be related to the economic inequality, socioeconomic status, and personal hygiene habit. 2 The high prevalence of periodontal disease in Taiwan suggests that many people failed to develop satisfactory oral hygiene habits. Moreover, they do not comply with returning to hospitals for follow-up examinations, finally resulting in poor oral health, ineffective plaque control, and consequently increased likelihood of re-treatments.
Numerous clinical studies have shown that coupling periodontal treatment with regular clinic visits and OHI aids in maintaining long-term periodontal heath, 25e27 preventing the relapse of periodontal disease and dental caries, 28 and reducing the likelihood of bone damage 29 and tooth loss. 26, 30 In Taiwan, Lai 31 conducted a follow-up study of 381 patients for 7 years and found that patients with regular visits in a clinic present better periodontal condition, shallower probing pocket depth, less bleeding on probing, less dental plaque, a lower rate of periodontal disease relapse, and a lower tooth loss rate than those with irregular visits in a clinic. 31 Therefore, regular visits in a clinic facilitate periodontal disease control, because retreatment can be provided immediately upon detection of unsatisfactory periodontal condition during the revisits. 32 The results of our study indicate that the CPTP can provide more effective holistic care to patients than did the conventional periodontal treatment.
The likelihood of receiving endodontic therapy following periodontal treatment was significantly lower in the experimental group than in the control group (OR Z 0.8748, p < 0.001). Endodontic therapy is often required when a patient experiences acute or chronic pulpitis caused by severe periodontal disease or dental caries. 33 Severe or aggressive periodontitis may induce pulp disease, which in turn damages periodontal tissue. 34, 35 Previous studies have indicated that primary periodontal disease combined with secondary pulp disease requires both periodontal and endodontic treatments. The prognosis of periodontal disease depends on periodontal treatment and oral hygiene maintenance. Tartar removal and plaque control can reduce the occurrence of pulp diseases and the need for endodontic therapy. 34, 36 In addition, effective teeth cleaning prevents dental plaque accumulation, thereby reducing the development of dental caries and aggravation of periodontal disease. 12, 13 In the current study, the CPTP enabled patients to receive comprehensive periodontal treatment and stringent follow-up management, finally helping them to control their periodontal and pulp diseases. This finding can explain why the rate of endodontic therapy is lower in the experimental group than in the control group. Endodontic therapy is often considered to be the last-line treatment to preserve the tooth. Therefore, it can be regarded as a prognostic indicator of comprehensive periodontal treatment.
This study found that the likelihood of surgical restoration in the experimental group was substantially lower than that in the control group (OR Z 0.9378, p < 0.001). This finding suggests that CPTP is more effective than conventional periodontal treatment to control dental caries. Surgical restoration is typically provided to patients with dental caries or tooth cervical abrasion. Previous studies have indicated that oral health is influenced by the tooth brushing method and frequency as well as regularity of dental visits. Improper tooth brushing or irregular dental visits increases the likelihood of developing periodontal disease with age. 37 By contrast, correct tooth brushing and regular dental visit facilitate to control the periodontal disease and further to lower the need of surgical restoration. 38, 39 Some previous studies have shown that tooth brushing reduces the occurrence of dental caries, but excessively frequent or improper tooth brushing can cause tooth cervical abrasion. Therefore, proper tooth brushing technique is crucial for periodontal health. 12, 40 In this study, the patients who participated in the CPTP were able to control their plaque development because they had learned how to brush their teeth correctly and visit the dentist regularly. Consequently, the likelihood of dental caries and requirement of surgical restoration decreased.
Regarding tooth extraction, the likelihood of tooth extraction in the experimental group was significantly lower than that in the control group (OR Z 0.8314, p < 0.001). Periodontal disease treatment is primarily aimed to retain natural teeth. Ong 41 found that periodontal disease and dental caries are the two main causes for tooth extraction among people who were younger than 45 years (35.8% and 35.4%, respectively) and people who were aged 45e55 years (70.9% and 20.9%, respectively) in Singapore. These findings indicate that the likelihood of tooth extraction because of periodontal disease increases with age. 41 Li and Tong 42 followed up elderly patients with a mean age of 62 years in Taiwan for 5 years and found that 63.48% of elderly patients have tooth extraction because of periodontal disease, rendering it to be the main cause of tooth loss. In addition, Li and Tong 42 found that the rate of tooth loss per year (0.46 tooth) in people who receive irregular periodontal treatment is higher (0.29 tooth) than that in people who receive regular periodontal treatment.
These results indicate that regular periodontal treatment can prevent tooth loss, and patients with aggressive periodontitis are prone to require tooth extraction. 20, 40, 42, 43 In this study, the patients who participated in the CPTP received excellent integrated and continual care, thereby effectively alleviating their periodontal disease and preventing tooth loss. By contrast, the patients in the control group did not receive comprehensive periodontal treatment, and thus they tend to have more severe periodontal diseases, finally resulting in a higher tooth extraction rate. Compared to the patients who received conventional periodontal treatment, those who participated in the CPTP had more natural teeth. Because retaining natural teeth is the primary goal of periodontal treatments, the tooth extraction rate can be a prognostic indicator for evaluation of clinical outcomes of periodontal treatments.
To achieve comprehensive periodontal treatment, good communication between the patients and dentists is required. Recently, a new dentist-patient communication system with a dental calendar plus cloud services has been introduced to offer better care to dental patients by dentists. 44 If the CPTP can adopt this new system into the project, dentists can substantially improve the appointment arrangement, remind the patients about every scheduled periodontal treatment appointment, take care of the patients with sudden periodontal diseases, and smoothly complete the entire course of comprehensive periodontal treatment.
In this study, patients who had participated in the CPTP and completed the three-stage periodontal treatments between 2011 and 2012 were recruited in the experimental group (65,342 patients). The patients who had not participated in the CPTP but had received conventional periodontal treatment during the same period were selected in the control group (106,740 patients). Using the four parameters (re-treatment, endodontic therapy, surgical restoration, and tooth extraction) as prognostic indicators, logistic regression analyses found that patients participating in the CPTP for 545 days had substantially lower rates of re-treatment, endodontic therapy, surgical restoration, and tooth extraction than those in the control group (p < 0.001). We conclude that the patients receiving comprehensive periodontal treatment have better clinical outcomes than the patients receiving conventional periodontal treatment. 
